ABSTRACT The olfactory system of male and female Spodoptera frugiperda (J. E. Smith) was studied by examining the morphology and distribution of antennal sensilla and determining the responses of both sexes to conspeciÞc female sex pheromone components and plant volatiles using electroantennography (EAG). Seven types of sensilla were observed on the ßagellum of the antennae: trichodea, chaetica, coeloconica, styloconica, auricilica, squamiformia, and basiconica. Only one type of trichodea sensilla was found on the antennae of both sexes, but these sensilla were more abundant on male than on female. EAG records of both sexes to 10-g stimulus loads of six pheromone components showed that (Z)-7-dodecenyl acetate (Z7Ð12: Ac) and (Z)-9-dodecenyl acetate (Z9 Ð12: Ac) elicited larger responses than those evoked by (Z)-11-hexadecenyl acetate (Z11Ð16: Ac), (Z, E)-9,11-tetradecadienyl acetate (Z9, E11Ð14: Ac), (Z, E)-9,12-tetradecadienyl acetate (Z9, E12Ð14: Ac), and hexane in female antennae. In the case of male antennae, (Z)-9-tetradecenyl acetate (Z9 Ð14: Ac) and Z9, E12Ð14: Ac evoked larger EAG responses than those elicited by Z7Ð12: Ac, Z11Ð16: Ac, Z9, E11Ð14: Ac, and hexane. The compounds that selectively evoked larger EAG responses from males than females were Z9, E12Ð14: Ac, and Z9 Ð14: Ac. Dose-response experiments showed that, at the lowest dose tested, Z9 Ð14: Ac and Z9, E12Ð14: Ac elicited larger EAG responses than Z9 Ð12: Ac and Z7Ð12: Ac in male antennae. At the highest doses tested, the diene elicited the largest EAG responses. In the case of female antennae, the dose, but not the pheromone component, had a signiÞcant effect. Male and female responses to 10-g stimulus loads of 16 plant volatiles showed that hexan-1-ol evoked larger EAG responses in comparison with those elicited by hexanal, (E)-3-hexenol, 2-carene, phellandrene, limonene, ␤-pinene, and hexane. The response of male antennae was signiÞcantly stronger than the female. Dose-response experiments showed that both sexes appeared to be most sensitive to alcohols, particularly at the highest dose tested.
FALL ARMYWORM, Spodoptera frugiperda (J. E. Smith), is a polyphagous moth species that feeds on host plants belonging to 25 families, including Poaceae, Malvaceae, Amaranthaceae, and Fabaceae (Robinson et al. 2002) . This species is distributed from Argentina northward as far as the United States (Mitchell 1979) .
In insects, olfaction is one of the most important senses involved in the location of partners for reproduction and resources for oviposition and feeding. As in other moths, the sexual behavior of this species is mediated by pheromones. The pheromone gland of S. frugiperda is reported to contain (Z)-7-dodecenyl acetate (Z7Ð12: Ac), 11-dodecyl acetate (11Ð12: Ac), (Z)-9-tetradecenal (Z9 Ð14: Al), (Z)-9-tetradecenyl acetate (Z9 Ð14: Ac), (Z)-11-hexadecenal (Z11Ð16: Al), (Z)-11-hexadecenyl acetate (Z11Ð16: Ac), and dodecyl acetate (12: Ac) in a proportion of 4:2:13:69: 3:9:trace. The efßuvium consists of Z7Ð12: Ac, 11Ð12: Ac, 12: Ac, Z9 Ð14: OAc, and Z11Ð16: Ac in the ratio of 3.2:2.2:1.9:90.1:2.6 (Tumlinson et al. 1986 ). Field trapping experiments showed that only Z7Ð12: Ac and Z9 Ð14: Ac are required for male attraction (Tumlinson et al. 1986 ). Behavioral studies also suggest the presence of a male sex pheromone affecting mate choice in S. frugiperda, but no compounds have been identiÞed yet (McNeil and Gravel 1998) .
Plant volatiles may be important cues for polyphagous moths during sexual and host-Þnding behaviors (Landolt 1989 , Landolt et al. 1994 , Hartlieb and Rembold 1996 , Rojas 1999 . For instance, in Trichoplusia ni Hü bner, mated females and virgin and mated males are attracted to cabbage plants, but mated females are attracted more often to host plants than are virgin females or males (Landolt 1989) . Moreover, Landolt et al. (1994) reported that virgin male or female T. ni are most frequently attracted to moths of the opposite sex in the presence of cotton plants.
Despite the fact that chemical communication between male and female S. frugiperda has been widely studied, the olfactory system of this species has not been investigated. Therefore, the objectives of this study were (1) to describe the morphology and distribution of antennal sensilla of both sexes and (2) to determine the antennal response of male and female S. frugiperda to female sex pheromone and volatiles found in several host plants.
Materials and Methods
Insects. Larvae of S. frugiperda were collected from maize (Zea mays L.) at "El Manzano," Tapachula, Chiapas, Mexico. Insects were reared in the laboratory using an artiÞcial diet . Pupae were sexed, placed in groups of 20 Ð25 in petri dishes inside glass boxes (30 by 30 by 30 cm), and maintained in a climatic chamber on a 16L:8D photoperiod regimen at 25 Ϯ 2ЊC and 60 Ð70% RH until adult emergence. Adult insects were collected daily and provided with 10% sucrose solution.
Light Microscopy. The antennae of both sexes were immersed in 10% KOH at 80ЊC until they cleared (Ϸ 30 min) and were washed with distilled water at 80ЊC for 30 min. The scales were removed with a 60-Hz ultrasonic cleaner (Branson Sonic, Danbury, CT) for 2 min, and the antennae were dehydrated in 70 and 100% alcohol for 30 and 60 min, respectively. Finally, they were cleared with xylol and mounted in Canada balsam. Observations were made with a Zeiss (Carl Zeiss, Mexico City, Mexico) microscope (40ϫ). Both antennae of 10 moths per sex were used to count the sensilla on each ßagellar subsegment. The length and basal diameter of each ßagellar segment was measured using a light microscope Þtted with a graduated ocular.
Scanning Electron Microscopy. The antennae of males and females were individually placed in a solution of 70% ethanol and 2% formaldehyde for 24 h. The scales were removed with a 60-Hz ultrasonic cleaner for 2 min. Antennae were dehydrated in 80, 90, and 100% ethanol for 1 h each. Afterward, they were critical point dried, gold coated (70 nm), and examined in a TOPCON SM-510 microscope (TopCon, Tokyo, Japan) at 5 kV (Castrejó n et al. 2003) . For each sex, the average length and basal diameter of the external part of each sensillum was calculated, with 40 measurements taken from photomicrographs made from both antennae from 10 individuals.
Chemicals. Synthetic pheromone components were acquired from Bedoukian Research (Danbury, CT), and plant volatiles were obtained from Fluka Sigma-Aldrich (Toluca, Mexico). The pheromone components used have been found in gland extracts and efßuvia collections of S. frugiperda and included Z9 Ð14: Ac, Z7Ð12: Ac, Z9 Ð12: Ac, Z11Ð16: Ac, Z9, E11-tetradecadienyl acetate (Z9, E11Ð14: Ac), and Z9, E12-tetradecadienyl acetate (Z9, E12Ð14: Ac) (Tumlinson et al. 1986 , Descoins et al. 1988 , Redor 1991 ). The plant volatiles tested have been previously identiÞed in the volatile emissions of host plants of S. frugiperda (Buttery et al. 1987 , Loughrin et al. 1995 , Takabayashi et al. 1995 . Limonene, linalool, ␣-pinene, and ␤-pinene were racemic. (ϩ)-2-Ocimene was a mixture of (Z)-and (E)-isomers. All test compounds were dissolved in high-performance liquid chromatography (HPLC)-grade hexane, and their purity was Ͼ95%.
Electroantennogram. The antennal receptivity of S. frugiperda adult males and females to sex pheromone components and plant volatiles was determined by electroantennogram (EAG). The heads of 3-to 7-dold insects were cut off carefully, and a reference electrode was inserted into its base using a glass capillary, which was Þlled with physiological saline solution (Malo et al. 2000) . After removing the last one to two antennal segments, the distal end of the antenna was inserted into the tip of the recording glass capillary electrode. The signals generated by the antenna were passed through a high-impedance ampliÞer (NL 1200; Syntech, Hilversum, Netherlands) and displayed on a monitor using Syntech software for processing EAG signals. A stimulus ßow controller (CS-05; Syntech) was used to generate stimuli at 1-min intervals. A current of humidiÞed pure air (0.7 liter/min) was constantly directed onto the antenna through a 10-mm-diameter glass tube. At least 10 individuals of each sex were used for each test compound.
Experimental Procedure. Serial dilutions of the synthetic compounds were prepared in hexane to make 0.01, 0.1, 1, and 10 g/l solutions. A standard aliquot (1 l) of each test dilution was pipetted onto a piece of Þlter paper (Whatman no. 1, Whatman, Maidstone, England) exposed to air for 20 s to allow the solvent to evaporate, inserted into a glass Pasteur pipette or sample cartridge, and left for 40 s before applying. New cartridges were prepared for each insect. To present a stimulus, the pipette tip containing the test compound was inserted through a side hole located at the midpoint of a glass tube through which humidiÞed pure air ßowed at 0.5 liter/min. The duration of stimulus was 1 s. The continuous ßow of clean air through the airßow tube and over the preparation ensured that odors were removed immediately from the vicinity.
Two series of experiments were performed. In the Þrst series of experiments, male and female antennae were stimulated with 10-g stimulus loads of pheromone components or plant volatiles. This experiment determined the overall responsiveness of the antennal receptors to the experimental compounds and was used to select compounds that evoked the largest antennal response for further analysis in the second series of experiments. For the dose-response tests, the dilution spanned from 0.01 to 10 g of test compounds. In the dose-response experiments, test doses for each compound were presented sequentially from the lowest to highest concentration. The evaluation of pheromone components or plant volatiles screening was performed in separate trials, and the compounds were exposed to each EAG preparation in random order.
Control stimuli (hexane) were presented at the beginning and end of each EAG analysis.
Statistical Analysis. All statistical analyses were performed using the computer package Statistica (version 6; StatSoft 2003) . When necessary, the results were logarithmically or square root (͌X) transformed to meet the assumptions of normality and homogeneity of variances. The number and size of sensilla of each sex were compared by unpaired t-test. The values of EAG depolarization amplitude after exposure to sex pheromone components or plant volatiles obtained during the screen experiments were analyzed by twoway repeated measures analysis of variance (ANOVA), with sex (male and female) as a Þxed factor and compound (pheromone or plant volatile) as the repeated measure. The EAG amplitude values of the sex pheromone components and plant volatiles of the dose-response studies were analyzed by oneway repeated measures ANOVA, with dose as the repeated measure. SigniÞcant ANOVAs were followed by posthoc Tukey test for multiple comparisons of means (P Յ 0.05). Untransformed data are shown in Þgures and tables; values are given as the mean Ϯ SE.
Results

Antennal Gross Morphology
Each antenna consists of two basal segments, the scape and pedicel, and a distal part, the ßagellum. The ßagellum consisted of many subsegments (64 Ð71 for males and 56 Ð71 for females). The number of subsegments is similar in male and female antennae (t ϭ 0.97; df ϭ 38; P ϭ 0.33; Table 1 ). The length of the subsegments did not differ between sexes (t ϭ 1.81; df ϭ 38; P ϭ 0.07); however, the subsegments have a signiÞ-cantly greater diameter in male than female antennae (t ϭ 3.45; df ϭ 38; P ϭ 0.001; Table 1 ). A typical antennal segment is cylindrical and divided into two main areas. The ventral surface possesses most of the sensilla (Figs. 1a and 2b) and has the same general organization and pattern of sensory structures. The dorsal surface has two rows of scales, squamiformia sensilla, and two chaetica sensilla on each segment (Fig. 2bÐ d) . The antenna of the male is longer than the female antenna (t ϭ 2.56; df ϭ 38; P ϭ 0.01; Table 1 ).
Antennal Sensilla
Seven types of sensilla were observed on the ßa-gellum of both sexes, namely trichodea, chaetica, styloconica, coeloconica, auricillica, squamiformia, and basiconica (Figs. 1a and 2a, c, and d) .
Sensilla Trichodea. These sensilla are distributed randomly on all segments and are the most frequent type. These sensilla are similar in length between sexes (t ϭ 1.38; df ϭ 78; P ϭ 0.16), but their basal diameter is smaller in female than in male antennae (t ϭ 3.35; df ϭ 78; P Ͻ 0.001; Table 2 ). Sensilla trichodea are signiÞcantly more abundant on male than on female antennae (t ϭ 19.9; df ϭ 38; P Ͻ 0.001; Table 3 ).
Sensilla Chaetica. There are six sensilla chaetica present on each ßagellar segment in both sexes, except in the apical segment, which has eight sensilla of this type (Fig. 2e ). These sensilla are straight, wide at the basal part, and curved apically, with the tip truncated. The base is inserted into a socket, which consists of a cuticular structure (Fig. 1e) . Sensilla chaetica can be divided into three subtypes according to their location and length. Central chaetica, present on the central part of the segment, are similar in length in both sexes, but their basal diameter is smaller in female than in male antennae (t ϭ 2.63; df ϭ 78; P ϭ 0.01; Table 2 ). Lateral chaetica, present on the lateral part of segment, are signiÞcantly longer in the male than in female antennae (t ϭ 4.31; df ϭ 78; P Ͻ 0.001), and their basal diameter is smaller in female than in male antennae (t ϭ 4.55; df ϭ 78; P Ͻ 0.001; Table 2 ). Dorsal chaetica, present on the dorsal part of the segment, are similar in length (t ϭ 0.43; df ϭ 78; P ϭ 0.66) and basal diameter (t ϭ 0.78; df ϭ 78; P ϭ 0.43) in both sexes ( Table 2 ). The estimated mean number of these sensilla presented in the antenna of S. frugiperda was similar in both sexes (t ϭ 0.97; df ϭ 38; P ϭ 0.33; Table  3) . Sensilla Styloconica. A sensillum styloconicum is always found at the upper-middle region of each ßagellar subsegment. This sensillum has a smooth petiole and a conic extremity with one to three apical structures but has neither socket nor pores (Fig. 1d) . These sensilla are signiÞcantly longer in male than in female antennae (t ϭ 2.28; df ϭ 78; P ϭ 0.02), but they are similar in basal diameter (t ϭ 0.93; df ϭ 78; P ϭ 0.35; Table 2 ). The estimated mean number of these sensilla is similar in both sexes (t ϭ 1.09; df ϭ 38; P ϭ 0.28; Table 3 ).
Sensilla Coeloconica. These sensilla are small, commonly called pit pegs. They are situated mainly from the middle to the distal portion of the segment. Each sensillum consists of a depression surrounded by 12Ð14 cuticular "spines" and a porous peg with longitudinal striations on its surface, arising from the center of the depression (Fig. 1b) . The diameter (t ϭ 1.27; df ϭ 78; P ϭ 0.20) as well as the number (t ϭ 0.97; df ϭ 38; P ϭ 0.33) of the coeloconic sensilla are similar in both sexes (Tables 2 and 3) .
Sensilla Auricillica. These sensilla are usually found among the scales. They generally have the typical shape of a rabbitÕs ear or are simply dorsoventrally ßattened (Fig. 2d) , but sometimes are biforked at the tip. They were neither counted nor measured.
Sensilla Squamiformia. These sensilla are present on the dorsal part of the antenna among the scales Values comparing sexes within a row followed by the same letter are not signiÞcantly different (unpaired t-test, P Ͻ 0.05). N ϭ 20 antennae from 10 individuals per sex. ( Fig. 2c) . They are shorter and Þner than the scales and are embedded in a socket and point distally (Fig.  2c) . These sensilla were not counted or measured.
Sensilla Basiconica. These sensilla are smaller and the least abundant of all sensilla. They are wider in the base and rounded at the apex (Fig. 1a) . These sensilla were not counted or measured.
EAG Responses to 10 g of Pheromone Components
The EAG peak recorded in response to sex pheromone components showed a steep decline from the peak amplitude, followed by a fast return to a plateau, which was stationary for the stimulus time, and a slower return to the base line. The two-way repeated measures ANOVA of the amplitude of the EAG in the screen experiment revealed that pheromone component (F ϭ 41.8; df ϭ 6,169; P Ͻ 0.0001), sex (F ϭ 10.9, df ϭ 1,169; P ϭ 0.001), and the pheromone component ϫ sex interaction (F ϭ 9.3; df ϭ 6,169; P Ͻ 0.0001) signiÞcantly inßuenced the antennal response of S. frugiperda. The interaction between pheromone component and sex is shown in Fig. 3 . For females, multiple comparisons revealed that Z7Ð12: Ac and Z9 Ð12: Ac elicited EAG responses that were signiÞcantly larger than those evoked by Z11Ð16: Ac, Z9,E11Ð14: Ac, Z9,E12Ð14: Ac, and hexane (Fig. 3) . EAG responses evoked by the major component, Z9 Ð14: Ac, were not signiÞcantly different from those elicited by Z7Ð12: Ac and Z9 Ð12: Ac. In the case of males, Z9 Ð14: Ac and Z9,E12Ð14: Ac evoked EAG responses that were signiÞcantly larger than those evoked by Z7Ð12: Ac, Z11Ð 16: Ac, Z9,E11Ð14: Ac, and hexane (Fig. 3) . The antennal responses elicited by Z9 Ð12: Ac were not signiÞcantly different from those evoked by Z9 Ð14: Ac and Z9E12Ð14: Ac. The compounds that selectively evoked larger EAG responses from males than females were Z9 Ð14: Ac and Z9,E12Ð14: Ac.
EAG Dose-Response of Pheromone Components
We observed a clear effect of dose on the EAG response of male antennae for the four acetates evaluated, particularly for Z9 Ð14: Ac and Z9, E12Ð14: Ac. The pheromone component (F ϭ 8.31; df ϭ 3, 40; P Ͻ 0.001), dose (F ϭ 196.3; df ϭ 3, 120; P Ͻ 0.0001), and the pheromone component ϫ dose interaction term (F ϭ 3.33; df ϭ 9, 120; P Ͻ 0.01) signiÞcantly inßu-enced the male antennal response. The interaction between pheromone component and dose is shown in Fig. 4 . Multiple comparisons indicated that, at dose of 0.01 g, Z9,E12Ð14: Ac and Z9 Ð14: Ac evoked significantly larger EAG responses compared with those elicited by Z9 Ð12: Ac and Z7Ð12: Ac. At doses of 0.1, 1, and 10 g, Z9, E12Ð14: Ac elicited signiÞcantly larger antennal response than Z9 Ð14: Ac, Z9 Ð12: Ac, and Z7Ð12: Ac (Fig. 4) . The major component, Z9 Ð14: Ac, evoked signiÞcantly larger EAG responses compared with those elicited by Z7Ð12: Ac and Z9 Ð12: Ac. In the case of female antennae, the EAG responses increased as dose increased, but the dose effect was less marked than in male antennae. The dose (F ϭ 59.7; df ϭ 3,120; P Ͻ 0.0001), but neither the pheromone component (F ϭ 1.08; df ϭ 3,40; P ϭ 0.36) nor the dose ϫ pheromone component interaction (F ϭ 1.74; df ϭ 9,120; P ϭ 0.08), had a signiÞcant effect.
EAG Responses to 10 g of Plant Volatiles
The EAG peak responses recorded for plant volatiles were similar to those observed to pheromone components. Plant volatiles (F ϭ 18.4; df ϭ 16,297; P Ͻ 0.001) and sex (F ϭ 4.34; df ϭ 1,297; P ϭ 0.03) significantly affected the antennal response of S. frugiperda, but the sex ϫ plant volatile interaction term was not signiÞcant (F ϭ 1.67; df ϭ 16,297; P ϭ 0.29). The Tukey test for multiple comparisons among plant volatiles revealed that EAG responses to hexan-1-ol was signiÞcantly higher in comparison to those evoked by hexanal, (E)-3-hexenol, 2-carene, phellandrene, limonene, ␤-pinene, and hexane. There are no signiÞ-cant differences in the EAG responses elicited by Values comparing sexes within a row followed by the same letter are not signiÞcantly different (unpaired t-test, P Ͻ 0.05) . N ϭ 20 antennae from 10 individuals per sex. Values comparing sexes within a row followed by the same letter are not signiÞcantly different (unpaired t-test, P Ͻ 0.05). N ϭ 40 measurements taken from photomicrographs made from both antennae from 10 individuals.
hexan-1-ol, (E)-2-hexenol, (Z)-3-hexenol, ␣-pinene, (E)-2-hexenyl acetate, linalool, (E)-2-hexenal, terpinolene, methyl salycilate, and ocimene (Fig. 5) . Multiple comparison between sexes showed that the response of male antennae was signiÞcantly stronger than the female (Fig. 6) .
EAG Dose-Response of Plant Volatiles
Antennae of both sexes appeared to be most sensitive to alcohols, particularly at the highest dose tested. The dose (F ϭ 142.3; df ϭ 3,207; P Ͻ 0.0001), plant volatiles (F ϭ 3.6; df ϭ 6,69; P ϭ 0.003), and the dose ϫ plant volatiles interaction (F ϭ 3.8; df ϭ 18,207; P Ͻ 0.0001) signiÞcantly inßuenced the EAG responses in male antennae. For males, multiple comparisons indicated that no signiÞcant differences were observed in the EAG responses to the seven compounds tested at the dose of 0.01 g (Fig. 7) . At the dose of 0.1 g, (Z)-3-hexenol, ␣-pinene, (E)-2-hexenol, and hexan-1-ol elicited signiÞcantly larger EAG responses than (E)-2-hexenyl acetate. The EAG responses evoked by (E)-2-hexenal and linalool are intermediate between and not signiÞcantly different from those elicited by hexan-1-ol, (E)-2-hexenol, (Z)-3-hexenol, ␣-pinene, and (E)-hexenyl acetate. At the dose of 1 g, hexan-1-ol evoked signiÞcantly larger EAG responses than (E)-2-hexenal, (E)-2-hexenyl acetate, ␣-pinene, and linalool. There are no signiÞcant differences in the antennal responses elicited by hexan-1-ol, (E)-2-hexenol, and (Z)-3-hexenol. At the higher dose tested (10 g), hexan-1-ol, (Z)-3-hexenol, and (E)-2-hexenol evoked signiÞcantly larger EAG responses than (E)-2-hexenal, (E)-hexenyl acetate, ␣-pinene, and linalool. In the case of female antennae, dose (F ϭ 92.2; df ϭ 3,204; P Ͻ 0.0001), plant volatile (F ϭ 6.4; df ϭ 6,68; P Ͻ 0.0001), as well as the dose ϫ plant volatile interaction (F ϭ 3.1; df ϭ 18,204; P Ͻ 0.0001), had a signiÞcant effect on EAG response. For females, multiple comparisons revealed that, at the dose of 0.01 g, hexan-1-ol evoked signiÞcantly larger antennal response compared with those elicited by (Z)-3-hexenol, ␣-pinene, and linalool (Fig. 7) . There are no signiÞcant differences in the EAG responses elicited by hexan-1-ol, (E)-2-hexenol, (Z)-3-hexenol, and (E)-2-hexenal. At the dose of 0.1 g, hexan-1-ol and (E)-2-hexenol elicited signiÞcantly larger EAG responses than ␣-pinene. The antennal responses elicited by (E)-2-hexenal, (Z)-3-hexenol, (E)-2-hexenyl acetate, and linalool were intermediate between and not signiÞcantly different to those evoked by hexan-1-ol and (E)-2-hexenol and ␣-pinene. At the dose of 1 g, hexan-1-ol and (E)-2-hexenol elicited signiÞ-cantly larger EAG responses than (E)-2-hexenal, (E)-2-hexenyl acetate, ␣-pinene, and linalool. There are not signiÞcantly difference in the EAG responses evoked by hexan-1-ol, (E)-2-hexenol, and (Z)-3-hexenol. At the dose of 10 g, hexan-1-ol evoked significantly larger EAG responses compared with those elicited by (Z)-3-hexenol, (E)-2-hexenal, (E)-2-hexenol, (E)-2-hexenyl acetate, linalool, and ␣-pinene. Because there was no signiÞcant interaction between plant volatile and sex, data from all compounds per sex were combined for this Þgure (n ϭ 170 EAG recordings for each sex). SigniÞcant differences are indicated by different letters (Tukey test, P Յ 0.05).
The least EAG-active compound was ␣-pinene at all doses tested.
Discussion
The type and distribution of the various sensilla of the antennae of S. frugiperda are similar to those present in the antennae of other Spodoptera species (Jefferson et al. 1970; Ljungberg et al. 1993 , Monti et al. 1995 . However, S. frugiperda antennae only present one type of sensilla trichodea, whereas, on the antennae of both sexes of Spodoptera littoralis Boids, Spodoptera latifascia (Walker), and Spodoptera descoinsi Lalanne-Cassou and Silvain, the sensilla fall into two different size classes (Ljungberg et al. 1993 , Monti et al. 1995 . Three types of trichodea were identiÞed on the antennae of both sexes of Spodoptera exigua (Hü bner) and Spodoptera ornithogalli Guené e (Jefferson et al. 1970) . Generally, sensilla trichodea contain receptor neurons responding to sex pheromones and plant odors. For example, in S. littoralis, large sensilla contain receptor neurons to sex pheromone components (Ljungberg et al. 1993) , whereas the plant odorÐ detecting neurons are housed in short sensilla trichodea (Anderson et al. 1995) . As with S. frugiperda, males of other Spodoptera species had signiÞcantly more trichodea than females, but the number of other olfactory sensilla (e.g., sensilla coeloconica) is not markedly different between sexes. The great number of trichodea sensilla in female antennae of S. frugiperda may explain the response to some pheromonal components in the EAG tests (see below). In contrast, in S. exigua, despite the great number of sensilla trichodea in female antennae, the structures do not detect the sex pheromone (Dickens et al. 1993) . EAG studies revealed that Z7Ð12: Ac, Z9 Ð12: Ac, Z9 Ð14: Ac, and Z9, E12Ð14: Ac elicited the largest responses from male antennae. The three monoenes have been found in gland extracts and efßuvia from female S. frugiperda (Tumlinson et al. 1986 , Descoins et al. 1988 , Redor 1991 . Z9 Ð14: Ac is the major sex pheromone component, and together with Z7Ð12: Ac, represents a highly attractive blend to S. frugiperda males (Tumlinson et al. 1986 ). Z9 Ð12: Ac has not been found consistently in gland extracts and efßuvia from North American populations of S. frugiperda Sparks 1976, Tumlinson et al. 1986) , although this compound is present in gland extracts from Caribbean and Mexican populations (Descoins et al. 1988 , Redor 1991 , Reyes-Galvez 1999 . Andrade et al. (2000) reported that this compound was highly attractive to S. frugiperda males when present alone in Þeld trials in Costa Rica. In contrast, Þeld trapping in North America using Z9 Ð12: Ac has produced conßicting results (Mitchell and Doolittle 1976 , Jones and Sparks 1979 , Tumlinson et al. 1986 ). For example, Jones and Sparks (1979) observed that traps baited with Z9 Ð12: Ac captured twice as many S. frugiperda males as females. However, Tumlinson et al. (1986) found that traps baited with this compound captured no more males than traps baited with hexane control. The EAG response evoked by Z9, E12Ð14: Ac is interesting, because, although it has not been found in North American populations, this compound seems to be present in gland extracts of Caribbean populations of S. frugiperda (Redor 1991) . The acetates, Z9, E12Ð14: Ac and Z9 Ð14: Ac, are essential pheromonal components in Spodoptera species, and in many cases, one or both compounds are essential for male attraction (Bestmann et al. 1988 , Monti et al. 1995 ). Many of these Spodoptera species have overlapping geographic distributions and exploit similar host plants to S. frugiperda (King and Saunders 1984) . Therefore, one possibility is that this diene may inhibit attraction of S. frugiperda males to heterospeciÞc females. Field trapping experiments have shown that Z9, E12Ð14: Ac reduced greatly (Ͼ90%) the attraction of S. frugiperda males to traps baited with homospeciÞc females (Mitchell et al. 1974) .
The fact that females respond signiÞcantly in the EAG to some of the sex pheromone components suggests the possibility that the females may detect their own pheromone. Generally, moth females are considered to be anosmic for their own attractant (Schneider et al. 1998 ). For instance, female Antheraea polyphemus Cramer does not respond to conspeciÞc pheromone (Maida and Ziesmann 2001) . However, examples where female moths detect their own pheromone are well documented in some species of Noctuidae and certain other families (Schneider et al. 1998) . Female antennae of Panaxia quadripunctaria Poda (Arctiidae), showed a Þve-fold increase when stimulated with their own pheromone, gland extracts, and synthetic pheromone components in relation to control stimuli (Schneider et al. 1998) . Similarly, female S. littoralis possess antennal receptor neurons tuned to the main conspeciÞc pheromone component, and these neurons are just as speciÞc and sensitive as those of the male. However, the sensilla housing this type of receptor neurons are approximately one-Þfth fewer than in the male, resulting in reduced sensitivity to pheromone in the female (Ljungberg et al. 1993) . Several authors have proposed possible functions for pheromone autodetection. For example, female pheromone can function as a dispersal trigger (Palaniswamy and Seabrook 1978, Sanders 1987) , as a repellent (Saad and Scott 1981) , or attractant (Pearson and Schal 1999) , and may inßuence calling and oviposition behavior of conspeciÞc females (Weissling and Knight 1996) .
Male and female S. frugiperda exhibited broad overlap in their EAG responses to individual plant volatiles, and when a sexual difference was observed, the male response was stronger, at least at relatively high doses. In contrast, female antennae of other moth species generally seem to be more sensitive to host odors than male antennae (Ramachandran et al. 1990 , Rojas 1999 , Fraser et al. 2003 . We found that several green leaf volatiles (GLVs), ␣-pinene and linalool, elicited the greatest EAG responses from S. frugiperda antennae. Among the GLVs, the alcohol moiety was favored. GLVs and terpenes have been found to be potent EAG and receptor cell stimulants for several moth species (Dickens et al. 1993 , Fraser et al. 2003 and references therein). For example, GLVs, linalool, myrcene, and benzaldehyde evoked the largest antennal response in male and female Spodoptera exigua (Hü bner) (Dickens et al. 1993) . In several moth species, the GLVs and terpenes enhanced the attractiveness of female-produced sex pheromones to males (Dickens et al. 1993 , Light et al. 1993 , Reddy and Guerrero 2000 , Coracini et al. 2004 , and they are attractants for mated females (Hartlieb and Rembold 1996 , Rojas 1999 , Fraser et al. 2003 , Natale et al. 2003 . Reddy and Guerrero (2000) found that (Z)-3-hexenyl acetate, when mixed with pheromone in a 1:1 ratio, enhanced by six-to sevenfold the number of Plutella xylostella L. females and 20 Ð30% the number of males caught by traps over those baited with the pheromone alone. Hartlieb and Rembold (1996) reported that females of Helicoverpa armigera (Hü bner) were attracted by a steam destillate from pigeonpea plants, one of its main hosts. A blend of six sesquiterpenes, ␤-caryophyllene, ␣-humelene, ␣-guajene, ␣-muurolene, ␥-muurolene, and ␣-bulsene, accounted for the activity of extract. Only one compound (␣-bulsene) was attractive by itself, but this was still less than the whole mixture. In the case of S. frugiperda, we do not know whether the detected compounds are involved in eliciting behavioral responses from male and female moths. In some cases, EAG responses do not accurately predict behavioral responses of insects to stimulating compounds. For example, Rojas (1999) evaluated the antennal response of Mamestra brassicae L. to Þve GLVs and found that hexan-1-ol elicited the greatest EAG response of M. brassicae, but females were not attracted to this compound in wind tunnel bioassays. Further experiments will be performed to determine whether these compounds inßuence sexual or hostÞnding behaviors of S. frugiperda.
